Abstract Fine needle cytology (FNC) is a crucial procedure in the preoperative diagnosis of thyroid tumors. Papillary thyroid carcinoma (PTC), in its classic variant (cPTC), is the most common malignant neoplasm of the thyroid. Several histological variants of PTC have been described, each one with its own characteristics and prognosis. The ability of FNC to identify the variants represents a challenge even for a skilled pathologist. The aim of this study was to evaluate the diagnostic cytological accuracy of FNC in PTC and to look for specific features that could predict the different variants. This was a single center prospective study on 128 patients who received a diagnosis of PTC on FNC. The smears were blindly reviewed by two cytopathologists to create a frequency score (0, 1, 2, 3) of the features for each variant. The cytological parameters were divided into three groups: architectural, nucleo-cytoplasmic, and background features. Univariate analysis was performed by chi-square test with Yates correction and Fisher exact test as appropriate. Multiple regression analysis was performed among the variables correlated at the linear correlation. The correlation study between cytology and histology showed an accuracy of FNC in classic, follicular, and oncocytic PTC variants of 63.5, 87.5, and 87% respectively. Familiarity with cytological features may allow an early diagnosis of a given PTC variant on FNC samples. This is fundamental in a preoperative evaluation for the best surgical approach and subsequent treatment.
Introduction
Among all thyroid carcinomas, papillary thyroid carcinoma (PTC) is the most common malignancy, accounting for approximately 80% [1] , with a female preponderance.
Fine needle cytology (FNC) has been universally accepted as a useful preoperative procedure for thyroid nodules [2] [3] [4] . It is highly specific in diagnosing papillary carcinoma, with an estimated accuracy of 94% [5] [6] [7] . Histologically, several variants of PTC have been described, taking into account definite characteristics, such as size (papillary microcarcinoma); borders (encapsulated); architecture (papillary, follicular, macrofollicular, cribriform-morular, solid, micropapillary); cell type (tall cell, columnar, oncocytic, clear cell, hobnail); stromal aspects (papillary carcinoma with fasciitis-like stroma); additional malignant elements (papillary carcinoma with focal insular component, papillary carcinoma with spindle and giant cell carcinoma, papillary carcinoma with squamous cell carcinoma, papillary carcinoma with mucoepidermoid carcinoma), and a combination of the previous features (diffuse sclerosing, diffuse follicular) [8] . The indication of PTC variant is mainly based on histopathological diagnosis, because the possibility to identify the different variants on FNC seems rather low and it depends on the experience of the cytopathologist.
Retrospective studies have been performed on the accuracy of FNC to identify PTC variants [2, 9, 10] , but many reports describe the cytomorphology of either a single [11] [12] [13] [14] [15] [16] [17] [18] [19] or two cases of variants of PTC [20] [21] [22] . To our knowledge, no prospective studies on accuracy of FNC in thyroid malignant neoplasm of a large series have ever been carried out. In the present study, we report the cytological features defining which of them have more diagnostic weight and frequency in the prediction of the different variants of PTC on FNC, through univariate and multivariate statistical analyses. The prediction of a specific PTC variant was then confirmed or refused by cytohistological comparison. While some variants do not pose diagnostic problems, some others can be extremely difficult, such as the uncommon ones (tall cell, diffuse sclerosing, cystic, Warthin-like and cribriform-morular) that are sometimes associated with clinical conditions and may have an adverse prognosis. Therefore, familiarity with cytological features may allow an early diagnosis of a given PTC variant, which is of crucial importance in the preoperative evaluation for the best surgical approach and subsequent treatment.
Materials and Methods
A prospective study on 128 patients (102 women and 26 men) with PTC diagnosed at the National Cancer Institute BFondazione G. Pascale^of Naples, Italy, from 2008 to 2015, has been carried out. During this time, 3958 thyroid FNCs have been performed and diagnosed following SIAPEC-IAT 2011 guidelines, amended in 2014. The cases have been classified as follows: 72 TIR 1 (2%), 3246 TIR 2 (82%), 426 TIR 3 (11%), 98 TIR 4 (2%), and 116 TIR 5 (3%). Only FNC thyroid reports with indication of the possible variant of PTC, previous to surgery and histopathological diagnosis, have been selected. In detail, the studied cases were 106 TIR 5 and 22 TIR 4. The median patients' age was 40 (11-82 years old), with a 1:4.7 male to female ratio.
FNC samples of thyroid nodules (ranging from 0.4 to 6 cm in diameter) were obtained under ultrasound guidance by using 23-25-G needles, without suction, with a number of passages ranging from 1 to 5. The number of passages has been acquired either from its statement in the report working sheet or derived from the number of slides obtained (1 passage = 3 slides). The smears were either air-dried and stained with Diff Quik™ or wet-fixed in 95% ethanol and stained with Papanicolaou (Pap).
After the prospective cytological diagnosis, the smears were blindly reviewed by two cytopathologists (FF and LS) and a frequency score (0, 1, 2, 3) of the different features for each variant was created ( Table 1 ). The cytological parameters were divided into three groups: architectural (cellularity, microacinar structures, syncytial clusters, monolayered sheets, papillary fronds, branching sheets, solid cell balls, hollow balls); nucleo-cytoplasmic characteristics (nuclear grooves, intranuclear cytoplasmic inclusions (INCI), nucleoli, anisonucleosis, irregular nuclear membrane, nucleomegaly, fine powdery chromatin, granular cytoplasm, anisocytosis, abundant eosinophilic cytoplasm, hobnail cells, septate cytoplasmic vacuoles, large vacuoles); and background features (filamentous dense colloid, nonfilamentous dense colloid, histiocytes, multinucleated giant cells, dystrophic calcifications/ psammoma bodies, squamous cells, lymphocytes). The histopathological criteria used for the diagnosis of cPTC and its variants were derived from the Atlas BTumors of the thyroid and parathyroid glands^ [23] .
Based on diagnostic criteria for non-invasive follicular thyroid neoplasm with papillary-like nuclear features (NIFTP) suggested by Nikiforov et al. [24] , the capsules of histological samples of follicular variant of papillary thyroid carcinoma (FVPTC) were completely examined in multiple sections, which led to the final diagnosis of NIFTP.
Cytological Criteria to Define the Different Subtypes of PTC
For the cytodiagnosis of different PTC variants, the used criteria are reported in Table 1 . Cases diagnosed as cPTC included frequent papillary clusters and/or branching sheets (which are the equivalent bidimensional feature of papillae) and monolayered sheets; nuclear grooves, fine powdery chromatin, small intranuclear inclusions, anisonucleosis, and irregular nuclear membrane; and dense filamentous colloid, single squamoid cells, and multinucleated giant cells were also seen rather frequently in the background.
FVPTC presented a predominance of microacinar structures and infrequent or absent papillary fronds; the nuclei showed rare nuclear grooves and more frequent micronucleoli; intranuclear cytoplasmic inclusions were more frequent and comparatively larger than in cPCT; and nonfilamentous dense or watery colloid prevailed in the background.
The oncocytic variant of PCT showed a pure population, or more than 30%, of large tumor cells with abundant eosinophilic and granular cytoplasms on PAP staining or violet and granular cytoplasms on DQ stained smears; frequent multiple intranuclear inclusions in the same nucleus and frequent grooves were visible; the background was characterized by poor colloid with frequent accessory findings of chronic lymphocytic thyroiditis.
Uncommon variants of PTC: in our series, tall cell and cystic variants were often recognized on FNC. Tall cell variant cases showed elongated tumor cells, which were twice as tall as their width, with overlapping and stratification of nuclei, abundant eosinophilic cytoplasm, and nuclear features of PTC. The tall cells represented >50% of the papillary carcinoma component. The cystic variant presented thin watery colloid containing rare papillae with clear nuclei and abundant cystic background. Although literature suggests some cytological criteria to identify the diffuse sclerosing variant of PTC on FNC (abundant lymphocytic infiltrate, metaplastic squamous cells in addition to typical features of PTC and the presence of many psammoma bodies), this variant has always been misdiagnosed in our series. The cases histologically diagnosed as a Warthin-like variant were cytologically composed only by oncocytic-type neoplastic cells and could not be cytologically differentiated by the oncocytic variants of PTC [25] .
Score and Statistical Analysis
According to previous similar retrospective studies [11, 12, 15] , features were graded as absent (score 0), occasional (score 1; 1-29%), frequently seen (score 2; 30-49%), and prominent finding (score 3; 50-100%). To obtain a reproducible score for the nucleo-cytoplasmic parameters, 10 random visual fields were evaluated at high magnification (×400) in which the frequency of each of the criteria was counted. The final score resulted from their mean. The scores for the architectural and background parameters were calculated in the same way but at a lower magnification (×100).
The statistical analysis was performed with the SPSS package for Windows version 10 (Cary, NC, USA). Data were The p values were given for these analyses. The significance was set at 5%.
Results

Cytological Findings
As previously outlined, we used the various cytopathological features in a prospective modality to verify whether we could predict the probability of a given variant of PTC. The revision and re-elaboration of these data led to a frequency analysis of the cytopathological criteria ( Table 1 ). The table also reports the univariate analysis of the cytological parameters (p value) carried out on the whole population, which will be discussed later on. Among the architectural features, the presence of monolayered sheets, papillary fronds, and branching sheets resulted as the most frequently represented in the cPTC (with a 2-3 score), having been respectively identified in 57, 52, and 50% of cases. Among the nucleo-cytoplasmic features, INCI were moderately (score 2) expressed in 45% of cases, while nuclear grooves, anisonucleosis, and irregular nuclear membranes were less prominent (score 1) in respectively 59, 43, and 52% of cases. The most frequent background features in cPTC were multinucleated giant cells, the presence of dystrophic calcifications, or psammoma bodies and Bsquamoid^(tall- like) cells, all of them identified at moderate level of expression (score 2) in 36% of cases. Figure 1 shows a case of cPTC. As the FVPTC is concerned, we did not find any significant differences in the cytological presentation of its encapsulated (NIFTP) and nonencapsulated (invasive) types. In both forms, microacinar structures and monolayered sheets were the most frequent architectural features, which were observed with a moderate expression (score 2) and found in 47 and 44% of cases, respectively. Among the nucleo-cytoplasmic features, the most frequent parameters were nuclear grooves, INCI, and anisonucleosis, which were present in 47, 40, and 47% of cases (score 2-3), respectively. Irregular nuclear membrane and fine powdery chromatin were rather frequent but with low intensity (score 1) and found in 78 and 55% of cases.
No background parameter was found to be significant in this variant. Figure 2 shows a case of nonencapsulated FVPTC: the cell population is mostly organized in the form of repetitive microacinar structures with vesicular nuclei, micronucleoli, and nuclear grooves. As it concerns the oncocytic variant of PTC, this has a unique cytological presentation, showing a pure population of oncocytic cells with nuclear features of PTC. Anyway, its most frequent architectural features were represented by monolayered sheets, papillary fronds, and branching sheets (score 2-3), being found in 56, 67, and 41%, respectively, of cases. The most frequent nucleo-cytoplasmic features were represented by nuclear grooves, INCI, anisonucleosis, and the presence of abundant eosinophilic cytoplasm, which were found in 48, 52, 74, and 63%, respectively, of cases. Irregular nuclear membrane, fine powdery chromatin, and nucleomegaly were infrequent (score 1). Among the background features, multinucleated giant cells were present in 55.5% of cases (score 2). Uncommon variants of PTC are difficult to recognize on FNA samples, also in our experience, since few cases were correctly identified prospectively as such. Two cases of uncommon variants are reported below: Fig. 4 shows a case of tall cell variant of PTC along with its histopathological image. This cytological presentation is highly predictive of this variant. Figure 5 shows a case of diffuse sclerosing variant of PTC. This case was cytologically diagnosed as a classic-type PTC within a context of lymphocytic thyroiditis. As it can be observed in the cytological images, although the cytopathological criteria were sufficient for a generic diagnosis of classic PTC, there were no hints to the possibility of a diffuse sclerosing variant.
Cytohistological Correlation
The preoperative cytological diagnoses of the 128 patients with PTC were 63 PTC classic variant, 32 PTC follicular variant (FVPTC), 15 PTC oncocytic variant, and 18 PTC uncommon variants (tall cell, diffuse sclerosing, cystic, Warthin-like). On histopathologic examination, 44 classic; 45 follicular (of which 7 were NIFTP, 2 cases cytologically diagnosed as TIR 4, and 5 cases as TIR 5); 27 oncocytic; and 12 uncommon variants (tall cell, diffuse sclerosing, cystic, Warthin-like, and cribriform-morular) were diagnosed.
The cytohistological correlation of this series is reported in Table 2 . Agreement was achieved in 40/63 cases of cPTC (63.5%). The remaining 23 cases cytologically identified as classic were histologically redistributed as follows: 12 FVPTC, 9 oncocytic, and 2 uncommon variants (diffuse sclerosing and cribriform-morular). Of the 32 cases cytologically identified as FVPTC, 28 were in agreement with histology with an accuracy of 87.5%. In the remaining cases, histology showed three classic and one oncocytic variants. Of the 15 cases of PTC oncocytic variant, 13 were in agreement with histology, with an accuracy of 87%; in the remaining cases, histology showed one classic and one Warthin-like variant. Of the 18 cases of uncommon variants, only in 6/18 cases did cytopathology precisely identify the histological subtype (2 tall cell and 4 cystic variants). Sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) were calculated for each variant (except for the uncommon ones) and reported in Table 3 .
Statistical Evaluation of the Cytological Parameters Predictive of a Specific Variant in the Whole Series
The results of the univariate analysis of the cytological parameters (p value) are reported in Table 1 . Only the cytological features with p value ≤0.001 have been taken into account. Therefore, a moderate-high expression (score 2-3) of papillary fronds and branching sheets, a low-moderate expression of nucleo-cytoplasmic features (nuclear grooves, INCI, and anisonucleosis) (score 1-2), and the presence of squamoid cells in the background prospectively predict PTC classic variant. FVPTC shows a moderate expression (score 2) of microacinar structures and atypical nucleo-cytoplasmic features (grooves, INCI, and anisonucleosis) more frequent (score 2-3) than in cPTC. The oncocytic variant shows a moderate expression of papillary fronds (score 2); atypical nucleo-cytoplasmic features (grooves, INCI, anisonucleosis, anisocytosis, and abundant eosinophilic cytoplasm) are even more pronounced (score 2-3) than in FVPTC.
Due to the exiguous number of cases, the uncommon variants have not been considered in the statistical analysis, because of the bias that could be derived.
Discussion
FNC has become the most popular diagnostic procedure for investigation of thyroid nodules in the last decade [2] . FNC of thyroid is reported to have a sensitivity ranging from 65 to 98%, a specificity of 72 to 100%, a positive predictive value of 34 to 100%, and a negative predictive value of 83 to 100% [6, 7, 9, 19] .
A preoperative or intraoperative diagnosis of PTC is important, given that the operative management of PTC and follicular neoplasms differ [26] [27] [28] . Although the recognition of variants of PTC may just seem morphologically challenging for the pathologists, some of them may behave in an attenuated or benign fashion (like the NIFTP), while others may act worse than cPTC and therefore need a more aggressive clinical management [8] . The indication of the PTC variant is based on the histopathological diagnosis, because the possibility to discriminate among the different variants on FNC seems very low and it depends on the experience of the cytopathologist [9] . Specific cytopathological criteria have been . a A further field shows blunt papillaroid clusters and loose groups of neoplastic cells with nuclear criteria (intranuclear inclusions (black arrow) and nuclear grooves (green arrow)). The background shows psammoma bodies (red arrow), a few degenerated neoplastic cells, and many lymphoid cells (DQ, ×60, original magnification). b Lowpower magnification shows a neoplastic Bcell ball^(red arrow) and few solid trabecular groups of neoplastic thyreocytes with poorly preserved cytoplasms. In the background, some histiocytes and lymphocytes can also be seen (DQ, ×40, original magnification). c This microscopic field shows a mainly dispersed cell pattern, with some well-preserved neoplastic cells with nuclear grooves and dense cytoplasms in a background of cell debris and some lymphoid cells (DQ, ×40, original magnification). d Corresponding histological sample show a diffuse sclerosing variant of PTC (H&E, ×20, original magnification) extensively described in the literature for each PTC variant. These criteria, however, were identified based either on retrospective examination of small series or single cases [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] .
In the present study, we reported the results of the accuracy of the cytological analyses on FNC samples in the prospective identification of PTC variants. Our series encompassed classic, follicular, and oncocytic variants of PTC. Gupta et al. [9] carried out a retrospective study on fine needle aspiration smears from 158 histologically proven cases of PTC. The cytological smears were blindly reviewed in an attempt to subclassify them into different variants and to find the discrepancies with the histological diagnoses. Gupta found that a PTC diagnosis on FNC samples could be made in 80.5% of cases. Also, in the present study, all cases were blindly reviewed by two cytopathologists (FF and SL) and successfully diagnosed, in a preoperative phase, as PTC or suspicious for malignancy. A suggestion on the possible variant was also put forward. A frequency score (0, 1, 2, 3) assigned to selected cytological parameters was then created. Among the cytoarchitectural features, a moderate-high expression (score 2-3) of papillary fronds and branching sheets; a low expression (score 1) of nucleo-cytoplasmic features (nuclear grooves, INCI, and anisonucleosis); and the presence of squamoid cells in the background were predictive of cPTC, in agreement with the already established cytopathological criteria [20, 29, 30] . In our series, these nucleo-cytoplasmic characteristics, although thought to be pathognomonic signs of the cPTC, were found to be less prominent than in the other variants.
Although several cytological criteria predictive of the follicular variant are present in literature [2, 7, 8, 31, 32] , this diagnosis still remains difficult. In agreement with Fulciniti et al. [11] , FVPTC, in our series, shows in almost half of the cases a moderate-high expression (score 2-3) of microacinar structures and atypical nucleo-cytoplasmic features (grooves, INCI, and anisonucleosis), more expressed than in cPTC. In previous studies, other cytological features of this variant were emphasized, such as dense colloid and micro/macronucleoli more than INCI [33, 34] . In the present study, these parameters become less relevant probably due to a higher number of analyzed cases. Due to the recent observation that the NIFTP subclass of FVPTC has an almost invariably benign clinicpathological behavior [35] [36] [37] , our suggestion is that, when diagnostic criteria point to FVPTC, a comment should be added including NIFTP in the differential diagnosis, also according to Krane et al. [38] . With the concept of the possibility of a NIFTP when facing a follicular-patterned lesion with nuclear features of papillary carcinoma, the choice of adopting a TIR 3B category instead of TIR 4 or TIR 5, like in our series, obtained in a period in which this latter lesion had not been studied enough, may better reflect the relatively indolent prognosis of this lesion as opposed to other variables of papillary carcinoma. As already stated in the BResults^section, no diagnostic cytopathological criteria were found to be useful to differentiate NIFTP from nonencapsulated variants of FVPTC in the current as in other published series [36, 39] , with the exception of the recent paper by Ibrahim and Wu [40] .
The oncocytic variant shows a moderate-high (score 2-3) expression of papillary fronds and atypical nucleocytoplasmic features (grooves, INCI, anisonucleosis, anisocytosis, and abundant eosinophilic cytoplasm), more pronounced than in FVPTC. Because of the small number of uncommon variants in our series, it was not possible to assign specific cytomorphological characteristics to each rare variant. In general, cytopathologic criteria in this group are more consistently predictive of the oncocytic variant only because of the relative number of cases of this category as compared to other variants.
The overall cytohistological concordance of the series was 68%. The accuracy of the main variants varied from 63.5% of cPTC to 87.5% of FVPTC; the cytological accuracy of the uncommon variants is very low because of their rarity, which does not allow a familiarity with their characteristics. In detail, the diagnosis of cPTC showed a sensitivity of 92%, higher than in the other variants, and NPV of 95%. Specificity and PPV were 78.5 and 66%, respectively. These latter lower figures were due to a high number of Bfalse positives,^in which FVPTC follicular variant of papillary thyroid carcinoma (encapsulated and nonencapsulated variants were considered collectively for the purpose of this paper) FVPTC follicular variant of papillary thyroid carcinoma, NPV negative predictive value, PPV positive predictive value the cPTC diagnosed on FNC resulted to be, instead, follicular/ oncocytic variants on the subsequent histological examination. In our series, in agreement with previous studies [20, 41] , the diagnosis of FVPTC showed a sensitivity of 73% and NPV of 83%; specificity and PPV were of 95 and 92%, respectively. These results can be explained by the fact that only four cases were Bfalse positives,^in which the diagnosis of FVPTC on FNC resulted to belong to other variants on the subsequent histological examination; 13 Bfalse negativeĉ ases, cytologically diagnosed as classic and cystic variants, were diagnosed as FVPTC on the definitive histological examination. The diagnosis of the oncocytic variant of PTC had a sensitivity of 66% and NPVof 88% and a specificity of 98% and PPV of 93%. In nine cases, this variant was interpreted as classic, probably due to a nonrepresentative sampling which led to a misdiagnosis; three cases were identified as a tall cell variant due to a high number of Btall cell types,^and one case was interpreted as Warthin-like, due to a concomitant thyroiditis, which has mimicked the typical associated lymphocytic infiltrate [42, 43] . In conclusion, the cytological features of the more common variants of PTC (classic, follicular, and oncocytic) are nowadays well described and recognizable. The diagnosis of NIFTP identifies a category of lesions with benign or attenuated clinical course, and its possibility should be mentioned in the cytological report when a follicular-patterned lesion with nuclear features of papillary carcinoma is observed [38, 39, 44] .
At the time of writing, even though the FNA samples of a Brelatively large collection^of NIFTP have been re-examined after surgery, no unequivocal cytopathological feature seems to have predictive value in discriminating them for the FVPTC. More studies, instead, have to be carried out on the uncommon variants. It would be desirable to be able to collect many cases for each rare variant (tall cell, diffuse sclerosing, cystic, Warthin-like, cribriform-morular) in order to define the specific cytological characteristics of each one of them.
